1. Introduction {#s0005}
===============

Freshwater reservoirs receive most of the xenobiotics produced by anthropogenic activities. The bioaccumulation of the heavy metals may induce stress in aquatic fauna and flora and causing diseases of selected biota, enhanced lethality and extinction of the more sensitive taxa and disruption of the ecological balance ([@b0245]). The increased pollutant load destroys aquatic fauna and flora in various trophic levels ([@b0070]). Physiological and biochemical parameters play important role as indicators of freshwater quality and to perceive the sub-lethal impacts of genotoxic compounds ([@b0175]). Fish are excellent subjects to absorb, metabolize, concentrate and store such xenobiotics. Fish indicate the histopathological alterations, carcinogenic or mutagenic potential of such contaminants as in other animals ([@b0030], [@b0295]).

A simplest and quickest assay for genotoxicity assessment and biomonitoring is the micronucleus (MN) assay ([@b0015], [@b0020], [@b0095]) that put clear correlation to pollution load ([@b0060]). Micronuclei are heterochromatin bodies formed by chromosomal fragments or chromosomes lag during anaphase failing to incorporate into daughter nuclei during cell division. Such chromosomal fragments by genetic damage results micronucleus formation and serves as an index of such damage ([@b0015], [@b0020]). Fish also indicate morphological, cytological and histopathological changes in the different organs of the body in response to freshwater pollution ([@b0180], [@b0310], [@b0125], [@b0050], [@b0195]). Heavy metals are directly associated with increasing incidence of cancer, neuromuscular damage, reproductive defects, and hyper susceptibility to variety of lethal diseases ([@b0285]). This study was designed to determine whether freshwater pollution has genotoxic effects and histopathologcal alterations in *Wallago attu* (carnivorous) and Cirrhinus *mrigala* (herbivorous) occupying dissimilar niches.

2. Materials and methods {#s0010}
========================

2.1. Water sampling {#s0015}
-------------------

Five sampling locations were pre-determined along the River Chenab (31°34′14.0″N 72°32′02.8″E) upstream and downstream to Chakbandi Main Drain (CMD). Meroki (R1) and Thali (R2) were selected as upstream (control) while Maral Wala (R3), Binoi Said Jaial (R4) and Dhanu Wala (R5) were selected as downstream experimental sites. Seven water samples were collected from different points of each location to make a composite sample for physico-chemical parameters ([@b0080]) and Ni, Cr, Mn, Co, Pb, Hg, Zn, Tin and Cu. Metals were detected by "atomic absorption spectrophotometer" and heavy metal kits (Spectroquant® Merck) to achieve maximum accuracy level.

2.2. Fish samplings {#s0020}
-------------------

Two fish species *Wallago attu* and *Cirrhinus mirigala* were collected from each site with seven fish samples of each species by using drag nets and gill nets in a weight range of 700--1100 g. Fresh Atria fish blood from a tail region vein was collected in heparin-coated tubes and used for micronucleus test. Dorso-lateral body muscles from each fish specimen were used for histopathological studies.

2.3. Micronucleus assay {#s0025}
-----------------------

Fresh fish blood collected in heparin-coated tubes were "smeared on the slides, air dried" and fixation of the smear was performed in "cold Corney fixative for five minutes". Smeared "slides were stained in 10% Giemsa stain for thirty minutes ([@b0170]). Seven fishes of each fish species from each sampling site" and slides were prepared for each specimen totaling 35,000 count of erythrocytes/fish. "Presence of micronuclei in erythrocytes was detected and calculated under a Binocular fluorescent microscope (Nikon DS-fi2) Model Eclipse Ci-L under 40x and 60x magnifications" ([@b0015], [@b0020], [@b0170]). Erythrocytes with nuclear abnormalities (NAs) were calculated according to [@b0075], [@b0280], [@b0100] described by [@b0220], [@b0225].

2.4. Histopathology {#s0030}
-------------------

Histopathological evaluations were performed by paraffin embedding method. Fish were dissected to remove the dorsal-lateral muscles. Tissues were sectioned and immediately fixed in 10% formalin to prevent autolysis ([@b0230]). Tissues were then fixed in aqueous Bouin fixative for 24 h ([@b0005]). Dehydration of fish muscle tissues was performed by isopropyl alcohol grading, washed with 50% ethanol, further dehydration was performed through 70%, 90% and absolute isopropyl alcohol and then cleared in xylene ([@b0110]). The tissues were processed and analyzed ([@b0065], [@b0035], [@b0125], [@b0235], [@b0110]). Photomicrography of stained sections was performed under a microscope through 40x and 60x magnification ("Nikon DS- fi2 ECLIPSE Ci-L").

2.5. Statistical analysis {#s0035}
-------------------------

The data collected for water quality parameters was statistically by using SPSS 9 software. The means were compared by applying DMR tests (p \< 0.05). Regression analysis was performed on Microsoft excel 2010.

3. Results {#s0040}
==========

Chakbandi Main Drain (CMD) plays an efficient role in polluting the River Chenab by draining urban and industrial sewage waste water of North-Eastern part of Faisalabad. The mean pH value of CMD was found (9.24 ± 0.05 mg/L) that is alkaline in nature. Water quality parameter assessment from the experimental sites downstream CMD showed high values of TSS, TDS, TS, Hardness, BOD, COD and conductivity even far higher than the suggested limits of WHO. Higher values of BOD, COD and salinity indicate organic pollution and salinity (85.09 ± 1.11 mg/L, 135.57 ± 1.94 mg/L and 1754 ± 26.08 µS/cm) respectively. COD, pH, TS, Ni and Pb are found to be more responsible for the induction of MN and NAs. CMD also dispose higher levels of metallic salts into the River Chenab. The metals analyzed were nickel, Chromium, Manganese, Cobalt, Lead, Mercury, Zinc, Tin and Copper and were detected "higher than the admissible limits suggested by WHO" ([Table 1](#t0005){ref-type="table"}).Table 1Comparison of means (mean ± SE) for water quality parameters of different sites from the River Chenab.WQPs"Site S1""Site S2""Site S3""Site S4""Site S5"pH7.50 ± 0.05 a7.30 ± 0.08 a9.69 ± 0.05 b9.14 ± 0.04 b8.90 ± 0.06 cBOD (mg/L)32.71 ± 1.06 a37.29 ± 0.61 b93.00 ± 0.93 c84.14 ± 1.06 d78.43 ± 1.36 eCOD (mg/L)42.43 ± 0.65 a38.00 ± 0.72 b141.86 ± 1.84 c135.57 ± 2.03 d129.29 ± 1.96 eHardness (mg/L)180.00 ± 5.35 b205.71 ± 3.69 b508.57 ± 4.04 d548.57 ± 8.57 c581.43 ± 11.84 cConductivity (µS/cm)642.86 ± 17.1 b828.57 ± 18.4 a1157.14 ± 29.7 c1742.86 ± 25.4 d2364.29 ± 26.1 eTSS (mg/L)1.16 ± 0.034 b1.05 ± 0.022 b2.32 ± 0.05 d1.85 ± 0.04 e1.48 ± 0.041 cTDS (mg/L)1.05 ± 0.03 a1.08 ± 0.02 a1.84 ± 0.05 b2.01 ± 0.07 c2.05 ± 0.09 cTS (mg/L)2.20 ± 0.059 a2.13 ± 0.049 a4.15 ± 0.106 b3.86 ± 0.11 d3.53 ± 0.13 cNi (mg/L)0.034 ± 0.003 a0.066 ± 0.006 a0.24 ± 0.01 b0.21 ± 0.00 b0.14 ± 0.00 dCr (mg/L)0.04 ± 0.003 a0.069 ± 0.006 a0.283 ± 0.006 b0.273 ± 0.003 b0.206 ± 0.003 cMn (mg/L)0.040 ± 0.002 a0.136 ± 0.019 b0.264 ± 0.004 c0.189 ± 0.003 d0.158 ± 0.002 eCo (mg/L)0.615 ± 0.021 a0.721 ± 0.010 b1.091 ± 0.005 c1.029 ± 0.002 c0.799 ± 0.002 ePb (mg/L)0.074 ± 0.004 b0.047 ± 0.004 b0.86 ± 0.018 d0.96 ± 0.009 d1.65 ± 0.006 cHg (mg/L)\<0.001 ± 0.00 a\<0.001 ± 0.00 a0.025 ± 0.001 c1.04 ± 0.006 b0.70 ± 0.003 dZn (mg/L)0.039 ± 0.004 a0.034 ± 0.004 a1.05 ± 0.008 b0.87 ± 0.020 c0.91 ± 0.014 cSn (mg/L)0.004 ± 0.001 a0.003 ± 0.001 a0.32 ± 0.003 b0.24 ± 0.003 c0.33 ± 0.010 bCu (mg/L)0.05 ± 0.001 a0.03 ± 0.002 a0.91 ± 0.003 c0.86 ± 0.003 b0.83 ± 0.010 b[^1]

DNA integrity through Micronuclei (MN) induction indicated significant DNA damage in the erythrocytes of the blood from both fish species. This assay showed that *Wallago attu "*harvested from contaminated site of the river ([Table 2](#t0010){ref-type="table"}) downstream CMD displayed "highest frequency of micronucleus single" (MNs) ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}) and micronucleus double (MNd) ([Fig. 3](#f0015){ref-type="fig"}) with the mean values 4.02 ± 0.15 and 0.51 ± 0.08‰ cells, respectively, followed by *C. mirigala* with the mean values 3.70 ± 13.6‰ cells ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}) and 0.43 ± 0.9‰ cells ([Fig. 6](#f0030){ref-type="fig"}), respectively. In case of nuclear abnormalities (NAs) highest frequency showed by *C. mirigala* followed by *W. attu* with the mean values 1.18 ± 0.15‰ cells ([Fig. 7](#f0035){ref-type="fig"}) and 1.01 ± 0.12‰ cells ([Fig. 8](#f0040){ref-type="fig"}), respectively. Specimen of *W. attu* collected from upstream sites of CMD (control) showed a higher frequency of MNs, MNd and NAs ([Fig. 9](#f0045){ref-type="fig"}) compared to *C. mirigala* in quite normal ranges ([Fig. 10](#f0050){ref-type="fig"}) indicating the sensitivity of *W. attu.*Table 2Morphometric measurements of fish collected from River Chenab.VariablesHead Length (cm)Standard Length (cm)Total Length (cm)Wet Weight (g)K*Wallago attu*River Site S16.0 ± 1.0244 ± 2.1148 ± 2.6411078 ± 671.2River Site S25.6 ± 0.9148 ± 2.0953 ± 1.211119 ± 511.0River Site S35.9 ± 0.8952 ± 3.1456 ± 2.011127 ± 830.8River Site S46.7 ± 1.2148 ± 6.7552 ± 3.041200 ± 911.0River Site S55.7 ± 0.9647 ± 1.9051 ± 2.02989 ± 220.9  *Cirrhinus mrigala*River Site S16.5 ± 0.7649 ± 3.2954 ± 2.711017 ± 820.8River Site S25.1 ± 0.8248 ± 2.9551 ± 2.611064 ± 990.9River Site S36.5 ± 1.1155 ± 3.6458 ± 2.071189 ± 720.7River Site S45.7 ± 0.9849 ± 6.7552 ± 2.041085 ± 960.9River Site S56.1 ± 1.1346 ± 2.9147 ± 2.011006 ± 161.0[^2]Fig. 1"Comparative analysis of single micronucleus induction (per thousand cells) in *Wallago attu* from different sites".Fig. 2Micronucleus assay of fish *Wallago attu* collected from polluted site of River Chenab indicating single micronucleus induction (Magnification 40x).Fig. 3Comparative analysis of double micronucleus induction (per thousand cells) in *Wallago attu* from different experimental sites.Fig. 4Comparative analysis of single micronucleus induction (per thousand cells) in *C. mrigala* from different sampling locations.Fig. 5Micronucleus assay for fish *C. mrigala* collected from polluted site of River Chenab indicating single micronucleus induction (Magnified 40x).Fig. 6Comparative analysis of double micronucleus induction (per thousand cells) in *Cirrhinus mrigala* from different sites.Fig. 7Comparative analysis of nuclear abnormalities (‰) in *Cirrhinus mrigala* from different experimental sites.Fig. 8Comparative analysis of nuclear abnormalities (per thousand cells) in *Wallago attu* from different site.Fig. 9Micronucleus assay for fish *Wallago attu* collected from upstream site to "entrance of Chakbani Main Drain into River Chenab indicating normal blood cells (Magnified 60x)".Fig. 10Micronucleus assay for fish *Cirrhinus mrigala* collected from upstream site before entrance of "Chakbandi Main Drain into River Chenab indicating normal blood cells (Magnified 60x)".

Correlation matrix for MNs, MNd and NAs in selected species from upstream and downstream sites of CMD exhibited highly significant (P \< 0.01) and a positive relationship with each other. MNs in *W. attu* exhibited highly significant (P \< 0.01) and a positive correlation to MNd in *W. attu,* NAs in *W. attu,* MNs in *C. mirigala*, MNd in *C. mirigala* and NAs in C. *mirigala* and vice versa. MNd in *W. attu* was positively and highly significantly correlated to NAs in *W. attu,* MNs in *C. mirigala*, MNd in *C. mirigala* and NAs in *C. mirigala.* Similar findings were noticed for NAs. Correlation of physicochemical parameters with MNs, MNd and NAs in both species from upstream and downstream to CMD exhibited highly significant with PHS with each other. MNs in *W. attu* was found PHS correlated with pH, BOD, COD, TS, Ni, Pb, and Sn While MNS in *C. mirigala* showed PHS correlation to pH, BOD, TSS, Ni, Co and Pb. MNd in *W. attu* was found PHS correlated to pH, BOD, COD, TS and Hg While MNd in *C. mirigala* showed PHS correlation to Pb and Zn only. NAs in *W. attu* was found PHS correlated to pH, BOD, COD, TS, Cr and Hg While NAs in *C. mirigala* showed PHS correlation to TSS, Pb, Hg and Cu. Other levels of significance are also shown in [Table 3](#t0015){ref-type="table"}. MN induction and NAs in *W. attu* was found in the PHS correlated to MN induction and NAs in *C. mirigala* ([Table 4](#t0020){ref-type="table"}). Regression analysis also indicated" a unit increase in Ni, Cr, Mn, Co, Pb, Hg and all other physicochemical parameters MNs, MNd and NAs were increased in *W. attu* while in *C. mirigala*.Table 3Correlation among Physico-chemical parameters and MNs, MNd, NAs[†](#tblfn3){ref-type="table-fn"}.MNsWMNdWNAsWMNsCMNdCNAsC**pH**0.990[\*\*](#tblfn2){ref-type="table-fn"}0.969[\*\*](#tblfn2){ref-type="table-fn"}0.992[\*\*](#tblfn2){ref-type="table-fn"}0.966[\*\*](#tblfn2){ref-type="table-fn"}0.904[\*](#tblfn1){ref-type="table-fn"}0.957[\*](#tblfn1){ref-type="table-fn"}0.0010.0060.0010.0070.0350.011**BOD**0.992[\*\*](#tblfn2){ref-type="table-fn"}0.980[\*\*](#tblfn2){ref-type="table-fn"}0.970[\*\*](#tblfn2){ref-type="table-fn"}0.941[\*](#tblfn1){ref-type="table-fn"}0.8750.925[\*](#tblfn1){ref-type="table-fn"}0.0010.0030.0060.0170.0520.025**COD**0.986[\*\*](#tblfn2){ref-type="table-fn"}0.965[\*\*](#tblfn2){ref-type="table-fn"}0.972[\*\*](#tblfn2){ref-type="table-fn"}0.906[\*](#tblfn1){ref-type="table-fn"}0.8180.886[\*](#tblfn1){ref-type="table-fn"}0.0020.0080.0060.0340.0910.045**Hard.**0.929[\*](#tblfn1){ref-type="table-fn"}0.931[\*](#tblfn1){ref-type="table-fn"}0.894[\*](#tblfn1){ref-type="table-fn"}0.7920.6960.7630.0220.0220.0410.1100.1920.134**TSS**0.924[\*](#tblfn1){ref-type="table-fn"}0.8750.943[\*](#tblfn1){ref-type="table-fn"}0.994[\*\*](#tblfn2){ref-type="table-fn"}0.958[\*](#tblfn1){ref-type="table-fn"}0.997[\*\*](#tblfn2){ref-type="table-fn"}0.0250.0520.0160.0010.0100.000**TDS**0.925[\*](#tblfn1){ref-type="table-fn"}0.914[\*](#tblfn1){ref-type="table-fn"}0.890[\*](#tblfn1){ref-type="table-fn"}0.7800.6700.7480.0240.0300.0430.1200.2160.146**TS**0.998[\*\*](#tblfn2){ref-type="table-fn"}0.965[\*\*](#tblfn2){ref-type="table-fn"}0.990[\*\*](#tblfn2){ref-type="table-fn"}0.959[\*\*](#tblfn2){ref-type="table-fn"}0.881[\*](#tblfn1){ref-type="table-fn"}0.944[\*](#tblfn1){ref-type="table-fn"}0.0000.0080.0010.0100.0490.016**Cond.**0.6240.6730.5670.3830.2840.3430.2610.2130.3190.5240.6440.572**Ni**0.976[\*\*](#tblfn2){ref-type="table-fn"}0.923[\*](#tblfn1){ref-type="table-fn"}0.948[\*](#tblfn1){ref-type="table-fn"}0.977[\*\*](#tblfn2){ref-type="table-fn"}0.906[\*](#tblfn1){ref-type="table-fn"}0.961[\*\*](#tblfn2){ref-type="table-fn"}0.0040.0250.0140.0040.0340.009**Cr**0.993[\*\*](#tblfn2){ref-type="table-fn"}0.945[\*](#tblfn1){ref-type="table-fn"}0.962[\*\*](#tblfn2){ref-type="table-fn"}0.948[\*](#tblfn1){ref-type="table-fn"}0.8580.926[\*](#tblfn1){ref-type="table-fn"}0.0010.0150.0090.0140.0630.024**Mn**0.8490.879[\*](#tblfn1){ref-type="table-fn"}0.7930.895[\*](#tblfn1){ref-type="table-fn"}0.924[\*](#tblfn1){ref-type="table-fn"}0.893[\*](#tblfn1){ref-type="table-fn"}0.0690.0500.1100.0400.0250.041**Co**0.927[\*](#tblfn1){ref-type="table-fn"}0.8490.893[\*](#tblfn1){ref-type="table-fn"}0.962[\*\*](#tblfn2){ref-type="table-fn"}0.892[\*](#tblfn1){ref-type="table-fn"}0.947[\*](#tblfn1){ref-type="table-fn"}0.0230.0690.0410.0090.0420.015Pb0.912[\*\*](#tblfn2){ref-type="table-fn"}0.889[\*](#tblfn1){ref-type="table-fn"}0.801[\*](#tblfn1){ref-type="table-fn"}0.952[\*\*](#tblfn2){ref-type="table-fn"}0.842[\*\*](#tblfn2){ref-type="table-fn"}0.881[\*\*](#tblfn2){ref-type="table-fn"}0.0130.0490.0470.0080.0200.009Hg0.832[\*](#tblfn1){ref-type="table-fn"}0.811[\*\*](#tblfn2){ref-type="table-fn"}0.991[\*\*](#tblfn2){ref-type="table-fn"}0.8350.8790.969[\*\*](#tblfn2){ref-type="table-fn"}0.0210.0090.0020.0640.1230.003Zn0.7590.7650.8010.8660.892[\*\*](#tblfn2){ref-type="table-fn"}0.977[\*](#tblfn1){ref-type="table-fn"}0.0220.0600.0510.0510.0120.017Sn0.900[\*\*](#tblfn2){ref-type="table-fn"}0.8750.789[\*](#tblfn1){ref-type="table-fn"}0.978[\*](#tblfn1){ref-type="table-fn"}0.9930.9500.0030.0560.0390.0460.0520.055Cu0.934[\*](#tblfn1){ref-type="table-fn"}0.992[\*](#tblfn1){ref-type="table-fn"}0.8930.9000.778[\*](#tblfn1){ref-type="table-fn"}0.749[\*\*](#tblfn2){ref-type="table-fn"}0.0240.0320.0610.1110.0220.005[^3][^4][^5][^6]Table 4Correlation matrix for Micronucleus & nuclear abnormalities in fish *W. attu* and *C. mirigala.*MNsWMNdWNAWMNsCMNdC**MNdW**0.951[\*](#tblfn4){ref-type="table-fn"}0.013**NAW**0.986[\*\*](#tblfn5){ref-type="table-fn"}0.933[\*](#tblfn4){ref-type="table-fn"}0.0020.020**MNsC**0.957[\*](#tblfn4){ref-type="table-fn"}0.911[\*](#tblfn4){ref-type="table-fn"}0.962[\*\*](#tblfn5){ref-type="table-fn"}0.0110.0320.009**MNdC**0.8640.900[\*](#tblfn4){ref-type="table-fn"}0.8720.953[\*](#tblfn4){ref-type="table-fn"}0.0590.0370.0540.012**NAC**0.938[\*](#tblfn4){ref-type="table-fn"}0.905[\*](#tblfn4){ref-type="table-fn"}0.950[\*](#tblfn4){ref-type="table-fn"}0.997[\*\*](#tblfn5){ref-type="table-fn"}0.970[\*\*](#tblfn5){ref-type="table-fn"}0.0180.0350.0130.0000.006[^7][^8][^9][^10]

Normal skeletal muscle tissues are composed primarily of segmental myomeres. Each myomere is considered as apparent muscles and their fibers are parallel to the longitudinal axis of the organs or the main body. Photomicrograph for histopathology of flesh of *W. attu* harvested from the contaminated site of the river Chenab downstream CMD indicated the bioaccumulation of toxicants with significant indication of the necrosis. The flesh sections demonstrated the necrosis and degeneration of muscle fibers, intra-fibular edema and the release of the blood into the tissues due to the bursting of blocked blood vessels. Dermal layer showed degeneration of the collagen bundles that were loose in some regions and found collapsed in others. Micrographs also revealed "vacuolar degeneration in muscle tissues and atrophy of muscle bundles". "Edema between muscle bundles and the splitting of muscle fibers" were also seen along with bioaccumulation of toxicants. Fish collected upstream CMD do not show any type of abnormality, but showed the normal architecture of muscle tissues and normal muscle fibers ([Fig. 11](#f0055){ref-type="fig"}).Fig. 11Photomicrograph of histological sections of muscles from *Wallago attu* collected from polluted river sites. (A): Normal muscle tissue of fish collected upstream CMD. (B): Defective muscle tissue of fish collected downstream CMD (40x10x magnification).

Photomicrograph muscle tissues of *C. mirigala* harvested from the contaminated and experimental locations of the river downstream. CMD revealed the bioaccumulation of toxicants. Flesh micrographs demonstrated the degeneration of muscle fibers, intra fibular edema and release of the blood into the tissues. Photomicrograph also showed the degeneration of the collagen bundles in the tissues. Fish collected from less polluted site also revealed some type of abnormalities in the muscular tissues in the case of *C. mirigala* as slight loosening and aggregations of inflammatory cells in the muscle fibers ([Fig. 12](#f0060){ref-type="fig"}). Majority of control samples showed the normal muscle tissues, with normal equally spaced muscle bundles and normal myotomes when compared with farmed fish ([Fig. 13](#f0065){ref-type="fig"}).Fig. 12Photomicrograph of histological sections of muscles from *Cirhinus mrigala* collected from polluted river sites. (A): Defective muscle tissue of fish collected downstream CMD (B): Normal muscle tissue of fish collected upstream CMD. (40x10x magnification).Fig. 13Photomicrograph of histological sections of muscles fibers of farmed *Cirhinus mrigala* (60x10x magnification).

4. Discussion {#s0045}
=============

The present study revealed that the presence of huge amount of heavy metals in the water has caused habitat destruction in the River Chenab. This study found that untreated industrial and sewage waste water from Faisalabad has strongly polluted the water of "River Chenab" even not suitable for agriculture and riverine flora and fauna ([@b0135], [@b0190]). These toxicants present in water have the potential to cause chromosomal abnormalities and irreversible DNA damage, these findings strongly corroborate with the results of [@b0025], [@b0220]. They mentioned induction of micronuclei and NAs during different exposure periods. "Fish exposed to polluted waters showed" a higher number of MN and NAs with comparison to control fish. [@b0220] insisted the monitoring of the river "to prevent human genotoxicity through bioaccumulation and loss of aquatic biodiversity". In world majority of industries release their waste, untreated, into Rivers so it also needs reduction in the use of unfriendly compounds and dyes, continuous monitoring, treatment of the wastes and proper disposal. [@b0035], [@b0150], [@b0255] also reported the similar findings.

[@b0120] explained the quality of Cai River water by using MN assay in erythrocytes of Fathead minnow. The river was under the influence of petrochemical complex. Organisms exposed to contaminants were collected from four different sites. Exposed fish showed induction of MN and different NAs. This assay allowed the detection of genotoxicity and indicated the potential of monitoring for environmental genotoxicity ([@b0040]; "[@b0310], [@b0275]″) also concluded that induction of MN frequencies is a very useful indicator and early warning for environmental genotoxicity. A study by [@b0085], [@b0290], [@b0240] indicated that the induction of MN depends upon the concentration of pollutants and while the time required to induce the MN and NAs decrease with increase in concentration of pollutants as the case here at the site R3 where CMD draining huge amounts of wastes. Both fish species *W. attu* and *C. mirigala* showed the maximum frequency of MNs, MNd and NAs. These findings also strongly matched with the findings of [@b0030], [@b0165], [@b0075], [@b0015], [@b0020], [@b0260].

[@b0115] also studied that agricultural runoff, municipal wastewater and industrial effluent having a large amount of complex substances disposed into the aquatic environment leading to the contamination of ground as well as surface water. They used MN assay to detect genotoxicity negotiating present study in case of River Chenab. They used blood from mullet and catfish and revealed the increased level of MN frequencies, NAs with reference to fish same as this project and related it to increased populations of the conurbation close to the sampling sites. These findings were also found to be similar to the findings of [@b0300], [@b0270], [@b0035]. [@b0045], [@b0015], [@b0020] determined that MN assay is a very sensitive indicator of aquatic pollution and declare it as a successful mutagenic assay. [@b0160] provided the fact that when all species belonging to particular environment were exposed to identical contaminants with their known feedings and habits, the piscivorous specimens showed a higher level of MN while herbivorous species showed lower frequency. They also reported that fish is most appropriate animal to study the effect of toxicants as they are bioconcentrators ([@b0155], [@b0215]). In this study model fish species *W. attu* and *C. mirigala* that are carnivorous and herbivorous fishes respectively, showed a similar type of findings. [@b0055] also found bioaccumulation and higher levels of metal salts in the tertiary consumers followed by omnivorous fish with regard to numerous toxicants accumulating along food chains and reach the uppermost concentration in top predator species ([@b0205], [@b0090], [@b0200].

The use of histopathological biomarkers "has been successfully employed" in fish to "assess the effect of pollutant on the" important vital organs in fish, which respond well to the toxicants as well as stress ([@b0005]). [@b0135], [@b0265] confirmed histopathology as priceless biomarkers for genotoxic assessments. They also pointed out that histopathological biomarkers have the ability to determine the effect of water pollutants, as observed in the current ([@b0250], [@b0185], [@b0265], [@b0305]). The present study revealed that *W. attu* and *C. mirigala* manifest histopathological changes in muscle and these pathological alterations in the muscles of all studied fishes. It could be a direct as well as the indirect indicator of the effect of genotoxicants, the heavy metals, pesticides, salts, industrial and domestic sewage wastes, entering into the river water by the network of drainage drains. These histopathological changes in the muscles were in line with the studies of [@b0210], [@b0140], [@b0010], [@b0195] reported the effect of various toxicants ([@b0105]) on fish muscles, including the fish muscular destruction and vacillation when exposed to chromium whereas [@b0145], [@b0245] also revealed similar effects in the presence of Zn, Cu and Pb. Zn, Cu and Pb ([@b0265], [@b0130], [@b0005], [@b0135]).

5. Conclusions {#s0050}
==============

*Wallago attu* and *Cirrhinus mrigala* procured from polluted sites indicated higher intensity of DNA damage through micronucleus induction and nuclear abnormalities. Muscle sections from "both the fish species from the" contaminated sites on the river demonstrated the necrosis, degeneration of muscle fibers, intra-fibular edema and release of the blood into the tissues due to the bursting of blocked of the blood vessels. Dermal layers showed degeneration of the collagen bundles those were found loose or collapsed in some regions.
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[^1]: "Means sharing similar letter in a row belonging to particular parameter are statistically non-significant (P \> 0.05). COD; Chemical Oxygen demand, BOD; Biochemical Oxygen demand, TSS; Total suspended solids, TDS; Total dissolved solids, TS; Total solids. \* 31°34\'14.0"N 72°32\'02.8"E".

[^2]: Sites S1 and S2 are control sites of the River Chenab; K: Fulton's condition factor.

[^3]: "Upper values indicated Pearson's correlation coefficient; Lower values indicated level of significance at 5% probability.

[^4]: = Significant (P \< 0.05).

[^5]: = Highly significant (P \< 0.01).

[^6]: = **MNsW;** (%) Micronuclei single in *W. attu*, **MNdW;** (%) Micronuclei double in *W. attu*, **NAW;** (%) Nuclear abnormality in *W. attu*, **MNsC;** (%) Micronuclei single in *C. mirigala,***MNdC;** (%) Micronuclei double in *C. mirigala,***NAC;** (%) Nuclear abnormality in *C. mirigala".*

[^7]: "Upper values indicated Pearson's correlation coefficient; Lower values indicated level of significance at 5% probability.

[^8]: **MNsW;** (%) Micronuclei single in *W. attu*, **MNdW;** (%) Micronuclei double in *W. attu*, **NAW;** (%) Nuclear abnormality in *W. attu*, **MNsC;** (%) Micronuclei single in *C. mirigala,***MNdC;** (%) Micronuclei double in *C. mirigala,***NAC;** (%) Nuclear abnormality in *C. mirigala".*

[^9]: = Significant (P \< 0.05).

[^10]: = Highly significant (P \< 0.01).
